Many resonant photo-pumped X-ray laser schemes that use a strong pump line such as Ly-a or He-a to populate the upper laser state of a separate lasing material have been proposed over the last four decades but none have been demonstrated. As a first step to creating a photo-pumped X-ray laser we decided to reinvestigate some of these schemes at the Orion laser facility with the goal to demonstrate enhanced fluorescence as a first step toward creating a laser. In particular we look at using the Ly-a or He-a K lines to pump the 1s -3p and 4p transitions in H-like Cl and see fluorescence on the 4f -3d line at 65 Å and the 3d -2p line at 23 Å. Preliminary experiments are presented that show a modest enhancement of 40% on the 3d-2p line. As an alternative we also look at enhancing the 2p -2s line in Ne-like Ge at 65Å using the Ly-a Mg line to photo-pump the 2s -3p line of Ne-like Ge. Calculations are presented that suggest modest enhancements of 2.5 and recent experiments will be presented that show emission from a Ge plasma pumped by the Ly-a Mg line.
INTRODUCTION
A resonantly photo-pumped X-ray laser where a strong emission line in one material could be used to photo-excite a transition in another material and create lasing was one of the original ideas for creating X-ray lasers. Forty years ago, Vinogradov and his colleagues [1, 2] proposed the Na-pumped Ne X-ray laser scheme that used the strong Na He-a line at 1127 eV to resonantly photo-pump the Ne He-g line and lase on the 4f -3d transition at 231 Å in He-like Ne. This scheme was studied extensively at Sandia National Laboratory and the Naval Research Laboratory and weak gain [3] was inferred in several experiments. There are a series of similar resonances [2] that use Ly-a or He-a lines to photo-pump Ly-g or He-g lines and lase on the 4f -3d lines of H or He-like ions. In this paper we discuss the next higher Z pair of possible resonances that use the strong Ly-a line at 3699 eV from H-like K to resonantly photo-pump the 1s -4p transition in Cl and enhance the emission of the 4f -3d line at 65 Å in H-like Cl.
Reference 2 also describes how one can use Ly-a or He-a lines to photo-pump Ly-b or He-b lines and lase or enhance the fluorescence of the 3d -2p lines. The K-Cl combination is interesting because it also has a resonance between the strong K He-a line to resonantly photo-pump the Cl Ly-b transition and enhance the emission of the 3d -2p line at 23 Å in H-like Cl. Experiments were done at the Orion laser facility in the UK to look at enhanced emission on both the 23 and 65 Å Cl lines.
As an alternative, an experiment was also designed to look at the emission of the 2p -2s line in Ne-like Ge at 65 Å that could be photo-pumped by the Ly-a line of H-like Mg at 1472 eV. In this case the Ly-a line photo-pumps the inner shell 2s -3p ground state transition. This resonance was measured in previous experiments at the EBIT facility at LLNL, the NPO laser facility at VNIIFTRI, and the Princeton Large Torus (PLT) tokamak. Preliminary experiments have been conducted at the Orion laser facility to investigate this scheme. Figure 1 shows the energy level diagram for the Potassium (K)-pumped Chlorine (Cl) schemes. The 4f -3d line at 64.8 Å in H-like Cl is enhanced by the strong Ly-a line of K resonantly photo-pumping the 1s -4p (Ly-g) transition of H-like Cl. The n = 4 states of Cl, which are all very close in energy, become statistically populated by collisional processes at the temperatures and densities of these plasma. The 4f level has the largest statistical weight (2J +1) which results in strong emission and potential gain on the 4f -3d line. Some of the other 4-3 lines may also show weaker gain. Potassium is unique because the He-a line, which is typically the strongest line produced in a hot plasma, is nearly resonant with the 1s -3p (Ly-b) line of Cl. This photo-pumps population into the 3p level which then equilibrates through collisional processes to statistically populate the n=3 level resulting in a large population in the 3d level. One then looks for strong emission on the 3d -2p line at 22. 7 Å. This line is also part of the cascade from the 4f-3d emission which also enhances the line. This scheme was originally proposed and modelled [3, 4] many years ago.
POTASSIUM-PUMPED CHLORINE EXPERIMENTS
To look for potential enhancements, eexperiments were done at the Orion laser facility [5] at the Atomic Weapons Establishment (AWE) in the United Kingdom. The laser systems consist of ten beams, optimized around 1 ns pulse duration, which each provide a nominal 500 J at a wavelength of 351 nm. There are also two short pulse beams, which each provide 500 J in 0.5 ps at 1054 nm, that were not used in these experiments.
The targets consisted a 0.5 µm thick microdot of KCl with a diameter of 300 µm. This was coated on each side with 0.5 µm thick layer of KF and then an outer protective coating of 0.3 µm thick layer of parylene-N, which is a CH plastic polymer. The goal of the KF layer was to have a thick layer of K surrounding the Cl plasma that would enhance the strength of the Ly-a and He-a K lines pumping the Cl. As a null experiment we used targets that replaced the K in KCl and KF with Na such that we had NaCl and NaF. In the null experiment there are no K lines to photo-pump the Cl plasma.
The targets were hit from both side by 250-1150 J of energy in a 300 µm diameter beam with a 1-1.5 ns FWHM pulse duration. Hydrodynamic calculations done with the 1D NYM code predict that the plasma would expand and blow down to densities of about 1-2 mg/cc or electron density of 3-6 x 10 20 /cc and reach temperatures up to several keV. Under these conditions we expect to ionize the plasmas to H and He-like states. As seen in Fig. 2 , we observe strong emission on the K and Cl Ly-a and He-a lines for the nominal target and strong emission on the Cl Ly-a and He-a lines for the null target indicating that we have reached the correct ionization conditions. This data was recorded on the Mark 2 timeintegrated spectrometer with a resolution of 7 eV using CsAP crystals. To look at the spectral lines near 23 and 65 Å we used a grating instrument spectrometer that covered the range of 100 -1000 eV or 120-12 Å with a resolution of 1000. Figure 3 shows the spectrum from 21-27 Å that looks at the enhancement of the Cl 3d-2p line at 22.7 Å. By averaging over seven shot pairs and normalizing to an unpumped line we observe a modest enhancement of about 40% on the Cl 3d-2p line due to the photo-pumping. This analysis is being finalized and will be published in a separate paper. The spectrum near the 65 Å line is more complicated and still being analysed as there are nearby lines in Li-like Cl in the same spectral region. 
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He-like Cl 2p-3d Figure 4 shows the second scheme that we are actively pursuing which uses the Magnesium (Mg) Ly-a lines to photopump the Neon (Ne)-like Germanium (Ge) 2s -3p line (B) and enhance the emission of the 2p -2s line in Ne-like Ge at 65.1 Å. The resonance between the Mg and Ge lines were measured in previous experiments at the EBIT facility at LLNL, the NPO laser facility at VNIIFTRI, and the Princeton Large Torus (PLT) tokamak. [6] Preliminary experiments have recently been conducted at the Orion laser facility to investigate this scheme.
MAGNESIUM-PUMPED GERMANIUM EXPERIMENTS
These experiments are very similar to the KCL experiments where we use microdot targets with a 0.2 µm thick Ge target surrounded by 0.3 µm of MgO for the pumped experiment and 0.3 µm of Al2O3for the null experiment. Both sets of targets are overcoated with 0.3 µm of Parylene-N on each side as a protective layer from the atmosphere. To understand the viability of this scheme we did a series of kinetics and radiation transport calculations with the Cretin code [7] to estimate what enhancements we might see in the experiments at the Orion facility.
Assuming the targets have blown down in density to an electron density of 5 x 10 20 /cc (1.8 mg/cc) at a temperature of 500 eV we can estimate the strength and width of the Mg Ly-a line. Doing a 1D line transport calculation assuming a Mg target with a radius of 350 µm we estimate the line strength for the Mg Ly-a in the center of the target. The line has a width of 2.1 eV with the Ge line located at an energy of 0.6 eV relative to the Ly-a2 line. This makes for essentially a perfect resonance between the Mg and Ge lines. The Mg line has a peak strength of 1.2 x 10 -3 photons per mode in the center of the target and falls off by a factor of 6 at the outer surface of the target. The line strength in photons per mode is very similar to the fractional population of the upper state being pumped.
The next step is to do a kinetics calculation for the spectra of Ge near 65 Å with and without the presence of the Mg line using the pump strength calculated above. To best estimate the spectra, we created an atomic model for Ge that uses many body perturbation theory calculations for the energy levels of Ne-like Ge n=2 and n = 3 levels. These calculations have been compared with detail spectra taken at the EBIT facility [8] at LLNL.
Taking the same plasma conditions described above for Ge we use Cretin to calculate the Ge spectra. Without the Mg pump present we observe a series of lines that are dominated by the very strong F-like Ge 2p -2s line at 65.9 Å. When we do a similar calculation including the Mg pump line the spectra are very similar except for a significant enhancement of about a factor of 2.5 on the 2p -2s Ne-like Ge line at 65.06 Å, as shown in Fig. 5 . This is the type of enhancement we are trying to observe in the experiments. Other nearby lines also show some enhancement. One advantage of looking for enhanced fluorescence instead of gain is that it can take a more substantial enhancement of the line before it has enough gain to lase. Figure 6 shows spectra from recent experiments done at the Orion laser facility with the Mg/Ge and Al/Ge (null) targets. One observes a large number of Ge lines in the 60-110 Å region. We are in the process of analysing this data and additional experiments are planned in the future to further explore the enhanced fluorescence in Ge. 
CONCLUSIONS
In this paper we used the Potassium Ly-a or He-a lines to photo-pump the 1s -3p and 4p transitions in Hydrogen-like Chlorine and see fluorescence on the 4f -3d line at 64.8 Å and the 3d -2p line at 22.7 Å. Analysis of the experiments are presented that show a modest enhancement of about 40% on the 22.7 Å line. The spectral data near the 64.8 Å line is still being analysed. As an alternative scheme we looked at enhancing the 2p -2s line in Neon-like Germanium at 65.1Å using the Magnesium Ly-a line to photo-pump the 2s -3p line of Neon-like Germanium. Calculations suggest modest enhancements of 2.5 are possible. Preliminary experiments were conducted to test the Mg-pumped Ge scheme and the data is in the process of being analyzed.
